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ABSTRACT

The arrival of the novel agents thalidomide, bortezomib,
and lenalidomide has significantly changed our approach
to the management of multiple myeloma and, importantly,
patient outcomes have improved. These agents have been
investigated intensively in different treatment settings,
providing us with data to make evidence-based decisions

regarding the optimal management of patients. This re-
view is an update to a previous summary of European
treatment practices that examines new data that have been
published or presented at congresses up to the end of 2010
and assesses their impact on treatment practices. The On-
cologist 2011;16:388–403

INTRODUCTION

Following an expert meeting in 2009 to examine European
multiple myeloma (MM) treatment practices and the result-
ing summary of the discussions, which was published at the
beginning of 2010 [1], an update meeting was held in mid-
2010 to review recent data and to assess the impact of the
data on clinical practice. Furthermore, new data that were
presented and published up to the end of 2010 were dis-
cussed and evaluated among the authors. Several important
developments were identified, which warrant an update to
the existing publication because they are likely to influence
treatment practices. These updates are summarized in the
present article.

AIMING FOR COMPLETE RESPONSE IN MM
The importance of complete response (CR) is a well-recog-
nized concept in the transplant setting, and a number of
publications have addressed this [2–5]. Recent transplant
studies and the impact of a CR on outcome are summarized
in Table 1 [6–12]. In the nontransplant setting, the role of
CR has been less clear, mainly because conventional treat-
ments only resulted in a low rate of CR, making an analysis
of the association between different response categories
and outcome unfeasible. However, the arrival of novel
agents has had an important impact in the nontransplant set-

ting, resulting in CR rates of 7%–30% [13, 14, 20 –26].
Analyses directed at elucidating an association between CR
and outcome in some of the novel agent trials that have been
conducted involving elderly patients have revealed that a
maximal response is also associated with a better outcome
in that setting. Associations between maximal response and
longer progression-free survival (PFS) time and time to pro-
gression (TTP) were observed for melphalan, prednisone, and
thalidomide (MPT), attenuated cyclophosphamide, thalid-
omide, and dexamethasone (CTDa), and bortezomib, mel-
phalan, and prednisone (VMP) (Table 1) [7, 13, 15]. In the
VISTA trial (Velcade� as Initial Standard Therapy in Mul-
tiple Myeloma), achievement of a CR was also associated
with a longer time to next therapy and treatment-free inter-
val [15]. Notably, two recent studies add further support to
the importance of CR achievement in the nontransplant set-
ting (Table 1). In an analysis based on three randomized
European trials conducted by the Gruppo Italiano Malat-
tie EMatologiche Ddell’Adulto (GIMEMA) and the
Stichting Hemato-Oncologie voor Volwassenen Neder-
land (HOVON) in which patients with newly diagnosed
MM aged �65 years had received treatment consisting of
melphalan and prednisone (MP), MPT, VMP, or bort-
ezomib, melphalan, prednisone, and thalidomide followed
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Table 1. Overview of recently reported trials showing an association between CR or VGPR and outcome
Regimen Follow-up n CR PFS or TTP OS Impact of CR or VGPR on outcome Reference

Transplant setting

MPR versus MEL200 14 mos 202 versus
200

20% versus 25% 2-yr PFS, 73% versus
78%

2-yr OS, 95%
versus 97%

Achievement of �VGPR after
consolidation significant predictive
factor of longer PFS in both groups

[6]

CTD versus CVAD 42 mos 371 versus
358

65.4% versus
48%

Comparable in both arms Comparable in
both arms

CR associated with longer PFS [7]

VD versus VAD 32 mos 240 versus
242

nCR or better,
39.5% versus
22.5%

36 mos versus 29.7 mos 3-yr OS, 81.4%
versus 77.4%

VGPR postinduction significant
prognostic factor for longer PFS

[8, 9]

VTD versus TD 31 mos 236 versus
238

58% versus 41% 3-yr PFS, 68% versus
56%

Comparable
between arms

Achievement of CR or nCR associated
with significant favorable effect on
PFS (p�.0187)

[10]

PAD versus VAD 39 mos 371 versus
373

49% versus 34% 36 mos versus 27 mos Significant benefit
for bortezomib
arm

No difference in PFS for patients
achieving CR or nCR versus VGPR or
PR

[11]

VBMCP/VBAD
(GEM 2000)

NA 157 IR, 14% 3-yr PFS, 100% 3-yr OS, 100% PFS (p � .001) and OS (p � .01)
significantly superior for patients in
IR than for those not in IR

[12]

TD versus VTD
versus V � VBMCP/
VBAD

NA 206 IR, 18% versus
34% versus 30%

3-yr PFS, 100% 3-yr OS, 100% PFS (p � .001) and OS (p � .01)
significantly superior for patients in
IR than for those not in IR

[12]

Nontransplant setting

MPT versus MP 38.1 mos 129 versus
126

16% versus 4% 21.8 mos versus 14.5
mos

45 mos versus
47.6 mos

Longer PFS for patients in VGPR
after 6 mos (p � .02)

[13]

CTDa versus MP 42 mos 426 versus
423

13.1% versus
2.4%

Comparable in both arms Comparable in
both arms

Longer PFS and OS for patients in CR
(p � .001)

[7]

MPR � R versus
MPR versus MP

21 mos 152 versus
153 versus
154

16% versus 11%
versus 4%

31 mos versus 14 mos
versus 13 mos

Comparable
between arms

NA [14]

VMP versus MP 36.7 mos 337 versus
331

30% versus 4% TTP, 24 mos versus 16.6
mos; PFS, 21.7 mos
versus 15.2 mos

3-yr OS, 68.5%
versus 54%

HR, 0.45 (p � .004) compared with
PR for TTP

[15]

VMP versus VMPT 32 mos 253 versus
250

24% versus 42% 27.4 mos versus 37.2
mos

3-yr OS, 80%
versus 85%

Longer PFS for CR than for VGPR
and PR

[16]

VMP versus VTP 32 mos 130 versus
130

20% versus 28% 34 mos versus 25 mos 3-yr OS, 74%
versus 65%

Longer PFS for MRD� than for
MRD�

[17]

VMP or VTP NA 153 IR, 16% 3-yr PFS, 90% 3-yr OS, 94% PFS (p � .001) and OS (p � .01)
significantly longer for patients in IR
than for those not in IR

[12]

MP, MPT, VMP,
or VMPT-VT

NA 1, 175 NA 3-yr PFS for patients in: CR, 67%;
VGPR, 27%; PR, 27%

[18]

3-yr OS for patients in: CR, 91%;
VGPR, 70%; PR, 67%

Relapsed/refractory
setting

Len/Dex 48 mos 353 VGPR or better,
32%

TTP longer in patients with CR or
VGPR than PR: 24 mos versus 8.3
mos (p � .001)

[19]

OS longer in patients with CR or
VGPR than PR: 27.7 mos versus 12
mos (p � .001)

Transplant studies: CR rates shown are responses overall (best responses).
Abbreviations: CR, complete response; CTD, cyclophosphamide, thalidomide, and dexamethasone; CTDa, attenuated
cyclophosphamide, thalidomide, and dexamethasone; CVAD, cyclophosphamide, vincristine, doxorubicin, and
dexamethasone; Dex, dexamethasone; HR, hazard ratio; IR, immunophenotypic response; Len, lenalidomide; MEL200,
melphalan 200 mg/m2; MP, melphalan and prednisone; MPR, melphalan, prednisone, and lenalidomide; MPR � R,
melphalan, prednisone, and lenalidomide plus lenalidomide maintenance; MPT, melphalan, prednisone, and thalidomide;
NA, not available; nCR, near complete response; OS, overall survival; PAD, bortezomib, doxorubicin, and dexamethasone;
PFS, progression-free survival; PR, partial response; TD, thalidomide and dexamethasone; TTP, time to progression; V,
vincristine; VAD, vincristine, doxorubicin, and dexamethasone; VBMCP/VBAD, vincristine, carmustine, melphalan,
cyclophosphamide; prednisone/vincristine, carmustine, doxorubicin, and dexamethasone; VD, Velcade and dexamethasone;
VTD, bortezomib, thalidomide, and dexamethasone; VGPR, very good partial response; VMP, bortezomib, melphalan, and
prednisone; VMPT, bortezomib, melphalan, prednisone, and thalidomide; VMPT-VT, bortezomib, melphalan, prednisone,
and thalidomide followed by maintenance with bortezomib and thalidomide; VTP, bortezomib, thalidomide, and
prednisone.
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by maintenance with bortezomib and thalidomide (VMPT-
VT), a significant association between CR and PFS and
overall survival (OS) was observed, compared with patients
with a very good partial response (VGPR) and a partial re-
sponse (PR) [18]. Multivariate analysis revealed that re-
sponse was a major prognostic factor for PFS and OS
regardless of International Staging System (ISS) stage, the
type of treatment received, or age. Similarly, results of an
analysis of three Spanish protocols, which included trans-
plant-eligible and transplant-ineligible patients, showed
that achievement of immunophenotypic responses in both
the young and elderly patient populations was associated
with significant PFS and OS benefits [12]. An association
between maximal response and outcome has also been ob-
served in the relapse setting, as recently reported in an anal-
ysis of the phase III MM009 and MM010 trials. The
analysis showed that those patients who achieved a CR or
VGPR following lenalidomide plus dexamethasone treat-
ment experienced a significantly longer PFS interval and
OS duration than those in whom treatment resulted in only
a PR (Table 1) [19].

These recent results underline the importance of achiev-
ing the best quality response possible regardless of the treat-
ment setting. Taken together, the objective of treatment
should be the achievement of a sustained CR with a good
quality of life.

Given that effective treatments to achieve good quality
responses as well as sensitive techniques to assess these re-
sponses are available, it remains to be determined which
depth of response is relevant with regard to impact on long-
term outcomes. In addition, a number of other issues require
examination, such as the need for CR achievement in all pa-
tients, the appropriate definition of CR, as well as the stan-
dardization of techniques used to assess CR (Table 2).

FRONTLINE TRANSPLANT SETTING

European experts in 2011 recommend autologous stem cell
transplantation (ASCT) as the standard of care for young
patients (�65 years old) with newly diagnosed MM. The
aim of induction is the achievement of the deepest response
as quickly as possible prior to transplantation. Induction
treatment should consist of a limited number of treatment
cycles (three or four). Figure 1 outlines induction treat-
ments that are currently being used and that are recom-
mended. Recent data suggest that three-agent induction
regimens, containing at least one novel agent, result in a
higher rate of CR or VGPR than two-agent combinations
[8, 10, 11, 27–31]. Within the three-drug combinations,
bortezomib combined with thalidomide and dexametha-
sone in the VTD combination appears to be the most active
regimen and superior over two-drug regimens incorporat-

ing a single novel agent (thalidomide or bortezomib alone),
as demonstrated in three separate randomized clinical trials
[10, 28, 29, 31]. Trials by the Italian and Spanish myeloma
groups were recently updated and confirm the significant
superiority of VTD over thalidomide and dexamethasone

Table 2. Issues for further research on the role of
complete response (CR) and pre-emptive treatment

Influence of biology
of the disease on the
impact of response

• CR as a heterogeneous state:

X Patients may achieve CR,
but relapse quickly, or
never achieve CR but
achieve sustained disease
stabilization [4, 5]

X Patients do not achieve
CR but revert to
monoclonal gammopathy
of undetermined
significance–like profile
following treatment and
experience long overall
survival [4, 5]

• Further research to identify
patients in whom CR should
be aimed for versus those in
whom CR may not be
needed.

Impact of different
treatments on depth
of response

• CR achieved following
single-agent dexamethasone
treatment may be short lived

• Further research needed to
classify different types of
CR associated with different
treatments

Definition of CR • Currently based on
serologic, bone marrow, and
immunohistochemical
investigations

• Addition of stringent CR
(SCR) to European Group
for Blood and Marrow
Transplantation criteria
enabled more rigorous
classification

• New definitions taking into
account imaging and
immunophenotypic analyses
warranted

Techniques to
assess CR

• Standardization of
techniques to address
discrepancies in rates of CR
observed among myeloma
groups in different countries
with the same regimens

Pre-emptive therapy • Analysis of the role of
treatment and the impact of
response on outcome in
patients with smoldering
multiple myeloma [83]
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(TD) in terms of achievement of CR or near CR (nCR)
postinduction and posttransplant, as well as PFS. In the Ital-
ian study, with a median follow-up of 36 months, the PFS
interval was significantly longer for VTD than for TD (p �
.0061), with an estimated 3-year PFS rate of 68% versus
56% for the two arms, respectively (p � .0057) [10]. With
a median follow-up of 27 months in the Spanish study, the
median PFS time was not reached for VTD and was 27
months for TD [31]. In both studies, OS, however, did not
differ between treatment arms. In addition to these trials,
the French myeloma group presented results of a trial that
showed the superiority of a regimen combining bort-
ezomib, thalidomide, and dexamethasone over bortezomib
and dexamethasone (VD) [28, 29]. Interestingly, in that
trial, bortezomib and thalidomide were used at doses lower
than those employed in the previous trials investigating

VTD during induction. Bortezomib was used at 1.0 mg/m2

according to the usual administration schedule and thalido-
mide was used at 100 mg/day. Using this vTD regimen, in-
vestigators found that the rates of peripheral neuropathy
(PN) were markedly lower than with the standard VD
schedule (grade �2: VD, 28%; vTD, 15%; grade �3: VD,
6%; vTD, 3%). In addition, the rate of CR plus VGPR was
significantly superior with vTD than with VD both postin-
duction (vTD versus VD, 51% versus 35%, respectively;
p � .037) and post-transplant (vTD versus VD, 73% versus
59%; p � .037), whereas CR rates after induction, the pri-
mary endpoint, were similar in the two arms.

At the 2010 American Society of Hematology (ASH)
meeting, results of the HOVON-65/German-speaking My-
eloma Multicenter Group (GMMG)-HD4 randomized
phase III trial comparing bortezomib, doxorubicin, and
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Figure 1. Multiple myeloma treatment tree outside clinical trials: frontline.
aIndicates data available from phase III randomized trial.
Lenalidomide is currently not EMA approved for the treatment of newly diagnosed multiple myeloma or as consolidation or

maintenance treatment. Bortezomib is currently not EMA approved for the treatment of transplant-eligible patients or as consol-
idation or maintenance treatment. Thalidomide is currently not EMA approved for the treatment of transplant eligible patients or
as consolidation or maintenance treatment.

Abbreviations: CR, complete response; CTD, cyclophosphamide, thalidomide, and dexamethasone; CTDa, attenuated
cyclophosphamide, thalidomide, and dexamethasone; MP, melphalan and prednisone; MPR � R, melphalan, prednisone, and
lenalidomide plus lenalidomide maintenance; MPT, melphalan, prednisone, and thalidomide; PAD, bortezomib, doxorubicin, and
dexamethasone; PN, peripheral neuropathy; Pred, prednisone; Rd, lenalidomide plus low-dose dexamethasone; RD, lenalidomide
and dexamethasone; TAD, thalidomide, doxorubicin, and dexamethasone; Thal, thalidomide; TT3, Total Therapy 3; VCD, bort-
ezomib, cyclophosphamide, and dexamethasone; VDT-PACE, bortezomib, dexamethasone, thalidomide, cisplatin, doxorubicin,
cyclophosphamide, and etoposide; VGPR, very good partial response; VMP, bortezomib, melphalan, and prednisone; VMPT-VT,
bortezomib, melphalan, prednisone,and thalidomide followed by maintenance with bortezomib and thalidomide; VRD, bort-
ezomib, lenalidomide, and dexamethasone; VTD, bortezomib, thalidomide, and dexamethasone.
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dexamethasone (PAD) with vincristine, doxorubicin, and
dexamethasone (VAD) followed by stem cell transplanta-
tion and maintenance with bortezomib or thalidomide were
presented with a median follow-up of 39 months [11]. PAD
was found to result in significantly higher rates of nCR or
better and VGPR or better and PR or better than VAD. No-
tably, PAD was also significantly superior in terms of PFS
(median PFS duration, 36 months versus 27 months for
PAD versus VAD, respectively; p � .005) and OS (median
not reached in either arm, p � .02), and the study is there-
fore the first to demonstrate a survival advantage with nov-
el-agent regimens incorporated in the induction and post-
transplant setting.

Other effective three-drug regimens include bortezomib,
cyclophosphamide, and dexamethasone (VCD), cyclophos-
phamide, thalidomide, and dexamethasone (CTD), thalido-
mide, doxorubicin, and dexamethasone (TAD), and
bortezomib, lenalidomide, and dexamethasone (VRD), and
their use will depend on access to the various agents in differ-
ent countries, as well as experience in different centers. Most
of these regimens include bortezomib and dexamethasone as a
backbone onto which cytotoxic agents, such as cyclophos-
phamide or doxorubicin, or other novel agents, such as thalid-
omide or lenalidomide, can be added [32].

The utility of adding cyclophosphamide to novel agent
regimens is being explored in several studies, for example,
the VCD combination is undergoing investigation in an on-
going study by the German myeloma group involving 373
patients, and results of an interim analysis were encourag-
ing [27]. In addition, the ongoing phase II Evaluation of
Velcade�, dexamethasone and lenalidomide with or with-
out cyclophosphamide using targeted innovative oncology
strategies in the treatment of frontline MM (EVOLUTION)
study is investigating the use of cyclophosphamide in com-
bination with bortezomib and dexamethasone with or with-
out lenalidomide [33, 34].

The VRD combination has generated interest based on a
study by Richardson et al. [35], who investigated this regi-
men in the frontline setting in a phase I/II study in which
patients received up to eight cycles of induction treatment
with VRD and could choose to undergo transplantation. An
update of the phase II part of the study showed that at least
a PR was achieved in 64% of patients, and after a median
follow-up of 26 months, the median TTP and median PFS
duration were 9.5 months and the median OS time was 26
months [36]. Based on these results, the VRD regimen is
now being investigated as induction therapy in several
trials.

In an effort to improve outcomes with novel-agent in-
duction regimens further, four-drug combinations have
been examined, for example, in a randomized phase II trial

comparing bortezomib, thalidomide, dexamethasone, and
cyclophosphamide with bortezomib, thalidomide, and
dexamethasone alone [37], as well as in the EVOLUTION
study with the combination of bortezomib, lenalidomide,
and dexamethasone with or without cyclophosphamide [33,
34]. However, the use of four-drug regimens did not reveal
greater efficacy, but was associated with higher toxicity,
supporting the use of three-drug regimens.

A recent analysis of the Total Therapy 3 (TT3) protocol
investigated the cumulative impact of V, T, and D dosing on
outcome [38]. The investigators found that administration
of a higher cumulative dose of components of the VTD reg-
imen was associated with significant benefits in terms of
long-term outcome, whereas premature discontinuation of
any of the agents was found to have a negative impact on
OS, event-free survival (EFS), and time to next treatment.
Notably, the postrelapse survival duration was not ad-
versely affected by VTD dosing, and moreover, a higher
bortezomib dose was found to be associated with a longer
postrelapse survival time. Van Rhee et al. [38] concluded
that these results support the upfront use of all active agents
in a dose-dense and dose-intense fashion.

Induction Treatment in Patients with Cytogenetic
Abnormalities
Regarding the use of novel-agent induction regimens in pa-
tients with cytogenetic abnormalities, some clearer data
have emerged over recent months. Thalidomide-based reg-
imens are associated with a worse outcome in the presence
of poor-risk cytogenetics [1], whereas further data are re-
quired to elucidate the role of lenalidomide in this setting.
Data presented by the French group, who analyzed the im-
pact of the presence of t(4;14) and del(17p) on outcome in
patients receiving VD or VAD induction, illustrate that, al-
though bortezomib-based regimens may partially over-
come the poor prognostic impact of t(4;14), both t(4;14)
and del(17p) remain adverse prognostic factors, because in
both treatment arms the presence of either cytogenetic ab-
normality was associated with significantly shorter EFS
and OS times than in patients without the abnormalities
[39]. Nevertheless, in patients with t(4;14), bortezomib–
dexamethasone induction treatment was associated with
significantly longer EFS and OS times than patients receiv-
ing VAD induction. In contrast, in patients with del(17p),
the EFS and OS times were comparable between the two
treatment arms. In the GIMEMA study comparing VTD
with TD as induction before and as consolidation therapy
after double autologous transplantation, VTD led to a sig-
nificantly longer PFS duration than TD in the subgroup of
t(4;14)� patients [10]. Remarkably, the PFS curves for pa-
tients randomly assigned to VTD were almost superimpos-

393Ludwig, Beksac, Bladé et al.

www.TheOncologist.com



able regardless of the presence or absence of patients with
t(4;14) [10]. In addition, results of the HOVON-65/
GMMG-HD4 study indicate that bortezomib efficacy is
maintained in patients with t(4;14), and that outcome is bet-
ter in patients with del(17p) receiving PAD and bortezomib
maintenance over VAD and thalidomide maintenance [11].
However, del(17p) remains a poor prognostic factor [40].

In the recently reported Programa para el Estudio y la
Terapéutica de las Hemopatías Malignas y Grupo Español
de Mieloma (PETHEMA/GEM) trial, which was designed
to compare VMP with bortezomib, thalidomide, and pred-
nisone (VTP) followed by bortezomib and thalidomide
(VT) or bortezomib and prednisone (VP) maintenance in el-
derly patients, t(4;14) and del(17p) remained adverse prog-
nostic factors for PFS and OS [17, 41].

A retrospective analysis of two GIMEMA trials on the
impact of upfront bortezomib-based regimens on clinical
outcomes according to cytogenetic abnormalities by fluo-
rescence in situ hybridization analysis showed that, in com-
parison with t(4;14), del(17p) alone did not significantly
predict shorter PFS and OS times, whereas the presence of
both abnormalities was associated with a significantly
shorter PFS interval and a shorter, albeit not statistically
significant, OS duration [42]. However, these results re-
quire confirmation in a prospective trial.

Richardson et al. [35, 36] reported encouraging results
in terms of the VGPR or better rate and PFS interval for the
VRD combination in patients with high-risk cytogenetics,
in particular those with t(4;14) and del(17p). However, the
investigators stressed that no definite conclusions can be
drawn from the study regarding the activity of the VRD reg-
imen in patients with adverse cytogenetics because of the
small sample size.

Taken together, the results regarding bortezomib-based
induction treatment in the transplant setting indicate that the
agent is effective not only in patients with standard-risk dis-
ease but that the efficacy is retained in the presence of se-
lected cytogenetic abnormalities regarding the overall
response rate (ORR), CR rate, and PFS time. Bortezomib-
based induction treatment can therefore be considered an
appropriate choice for induction treatment across different
risk groups.

Increasingly, gene-expression profiling (GEP) is being
investigated with the aim of providing prognostic informa-
tion based on the molecular classification of patients [43–
46]. The Arkansas group developed a 70-gene model that
allowed identification of a group of patients at high risk for
early disease-related death [43]. Using the 70 gene–derived
risk score, Nair et al. [47] compared results of the TT3 pro-
tocol with those from the successor trial, in which lenalido-
mide was included as maintenance therapy instead of

thalidomide. Overall, results were comparable across GEP-
defined risk groups in the two trials. Notably, GEP-defined
high risk, which was seen in 17% of patients, was associ-
ated with a significantly shorter OS time, EFS time, and CR
duration in both trials, demonstrating the utility of the GEP
risk model.

Role of ASCT in the Era of Novel Agents
In the era of novel agents, the role of transplantation itself is
currently undergoing scrutiny. The question being ad-
dressed is whether transplant should be carried out upfront
or delayed to relapse. The only prospective data with novel
agents in this setting so far were presented by the Italian
myeloma group, who are conducting a phase III trial in
which patients are randomized to consolidation with six cy-
cles of melphalan, prednisone, and lenalidomide (MPR) or
tandem melphalan 200 mg/m2 (MEL200) plus stem cell
support following four cycles of induction therapy with le-
nalidomide plus low-dose dexamethasone (Rd) [6]. The
protocol contains a second randomization step: following
consolidation, patients are randomized to receive either le-
nalidomide maintenance treatment until relapse or no main-
tenance. With a median follow-up of 14 months, there was
no difference between the MPR arm and the MEL200 arm
regarding the response rate, PFS time, or OS time. Not un-
expectedly, grade 3 or 4 hematologic toxicity was signifi-
cantly greater for patients in the MEL200 arm, as were
infections and gastrointestinal toxicity. Currently, fol-
low-up for the study is too short to draw any conclusions
regarding the superiority of one approach over the other,
and long-term PFS and OS results are eagerly awaited.

In addition, two large multicenter trials have been initi-
ated to investigate the question of transplant upfront versus
novel agent combination upfront with transplant reserved
for relapse [48, 49].

The results of all these trials will provide important in-
formation regarding treatment decisions for specific patient
populations and may identify patients in whom transplant
upfront is important, versus those in whom transplant could
be delayed until later on in the treatment sequence.

However, for MM treatment in 2011, ASCT with novel-
agent induction regimens remains the standard of care for
young patients.

POST-ASCT THERAPY

The overall aim of post-ASCT therapy is to prolong PFS
and OS durations, and there are two distinct approaches that
are being investigated. On the one hand, post-ASCT ther-
apy can consist of administration of a consolidation treat-
ment applied for a limited period of time following the
transplant step, with the aim of increasing the depth of re-
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sponse. On the other hand, maintenance treatment admin-
istered for a prolonged time period either following
transplantation or following transplant plus consolidation
may be chosen with the aim of prolonging the response du-
ration.

A number of recent trials are helping to elucidate the
role that novel agents could play in this setting. Employed
as consolidation treatments for a limited period of time, all
novel agents are able to upgrade the response status in pa-
tients with a suboptimal response to ASCT [50–54].

Recently, two studies investigating bortezomib-based
consolidation therapy were reported: the Nordic group in-
vestigated single-agent bortezomib following ASCT in a
randomized phase III trial and found that bortezomib con-
solidation resulted in a significantly greater CR rate than
observation 6 months postrandomization [52]. Regarding
tolerability, the investigators reported that grade �3 neuro-
logic pain was seen in 5% of patients and sensory neurop-
athy grade �3 was seen in 3% of patients. Ladetto et al. [53]
employed VTD consolidation in bortezomib-naive patients
who achieved a VGPR or better post-ASCT and observed
that this regimen increased the percentage of patients in mo-
lecular remission from 3% post-ASCT to 18% postconsoli-
dation. Furthermore, no relapses were seen in patients with
molecular remission after 42 months of follow-up. In addi-
tion, the phase III GIMEMA trial comparing VTD with TD
showed that VTD consolidation treatment was associated
with significantly higher CR and CR � nCR rates than TD
consolidation (p � .0001 and �.0001, respectively). Unlike
consolidation therapy with TD, VTD consolidation signif-
icantly upgraded the CR and CR � nCR rate (p � .078 and
.012, according to McNemar tests). Overall, the absolute
CR upgrade was 11% with VTD consolidation and 6% with
TD [55]. In addition, VTD consolidation following double
ASCT increased the rate of molecular remission from 39%
to 64% (p � .007 according to a McNemar test); in contrast,
the upgrade of molecular remissions observed with TD con-
solidation was not statistically significant. Real-time quan-
titative polymerase chain reaction analysis confirmed the
major reduction in residual tumor burden effected by VTD
versus TD consolidation therapy (median, 5 log versus 1
log reduction, respectively [56]. These results are encour-
aging; however, further data are needed to define the role of
bortezomib consolidation therapy in improving PFS and
OS times.

In the maintenance setting, thalidomide is the agent that
has been studied most extensively and results have been re-
viewed previously [1]. A recent update to the thalidomide
maintenance trials conducted by the Intergroupe Franco-
phone du Myélome (IFM) and the Arkansas group with
long-term follow-up revealed that the OS difference ob-

served for the thalidomide-containing maintenance arm in
the IFM trial disappeared, whereas in the Arkansas study of
TT2 with thalidomide throughout, a survival advantage for
the thalidomide arm became apparent [57]. Taken together,
all five hitherto published or presented trials evaluating tha-
lidomide maintenance treatment after ASCT [30, 50, 54,
57, 58] reveal a significantly longer PFS duration, but a sig-
nificantly longer OS time was noted in only two of them
[54, 57]. Thus, when considering thalidomide maintenance
treatment after ASCT, the benefits in terms of survival pa-
rameters have to be balanced against the possible toxicity of
this strategy. Several open questions regarding the use of
thalidomide in the maintenance setting remain, such as the
optimal duration and dose of treatment. Experience to date
shows that a dose of 50–100 mg/day is tolerated for pro-
longed periods. Finally, it has been noted that thalidomide
may act as a consolidation, rather than maintenance,
treatment.

Two recently reported phase III trials are investigating
lenalidomide as a maintenance treatment [51, 59]. In both
the Cancer and Leukemia Group B (CALGB) and IFM tri-
als, patients were randomized post-ASCT to either lena-
lidomide maintenance treatment or placebo (in the French
study, all patients also received two cycles of lenalidomide
consolidation prior to maintenance randomization). Both
studies demonstrated a significantly longer TTP or PFS
time for the lenalidomide-containing maintenance arm [51,
59]. With a median follow-up of 34 months from random-
ization in the IFM study, the median PFS times were 42
months for the lenalidomide arm and 24 months for the pla-
cebo arm (p � 10�8) [51]. In the CALGB study, the median
TTP was 42.3 months for the lenalidomide arm and 21.8
months for the placebo arm (p � .0001) after a median fol-
low-up of 17.5 months from ASCT [598]. Notably, the lon-
ger PFS time was seen regardless of the prespecified
stratification criteria of �2-microglobulin level, level of re-
sponse (VGPR or better versus less than VGPR) and del13
in the French trial [51], and in the CALGB trial, exposure to
thalidomide or lenalidomide during induction was not
found to influence TTP [59]. In both trials, maintenance
treatment with lenalidomide was found to be well tolerated.
Although OS data are not yet available, these data are likely
to have an impact on treatment practices because of the sig-
nificantly lower risk for relapse associated with lenalido-
mide maintenance treatment. Nevertheless, before
implementing lenalidomide maintenance therapy in clinical
practice, more information regarding its long-term effect on
the myeloma clone and the bone marrow stroma as well the
optimal dose and duration of therapy should be available.
Furthermore, even if the relative risk for progression of dis-
ease can be reduced by close to 60%, the demonstration of
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a survival benefit would greatly promote its acceptance by
the medical community.

Bortezomib maintenance treatment is being investi-
gated in ongoing studies, for example, in the HOVON-65
MM/GMMG-HD4 study, which could show that bort-
ezomib maintenance is feasible and induces additional re-
sponses in patients, including nCR and CRs [11].

Despite positive results with novel agents in the post-
ASCT setting, many open questions remain. These include
the optimal dose, schedule, and duration of treatment as
well as the impact on survival after relapse. In addition,
clarification is needed regarding which patients should re-
ceive post-ASCT therapy, that is, whether this should be all
patients, including those in CR, or only those with a subop-
timal response to ASCT. Finally, longer follow-up is
needed to assess the impact of post-ASCT therapy on OS.

FRONTLINE NONTRANSPLANT SETTING

Regarding the treatment of patients who are not eligible for
transplantation, MPT and VMP have shown significant
benefit over MP and are recommended treatments (Fig. 1).
Following our previous publication [1], three MPT studies
that were then only available in abstract format have now
been fully published [25, 26, 60]. The HOVON-49 study
showed that MPT led to significantly greater ORR, VGPR
or better rate, EFS interval, and OS time than with MP [25].
In the trial conducted by the Nordic myeloma group, a sig-
nificantly higher VGPR rate was observed for the MPT arm
than for the MP arm; however, this did not translate into a
better outcome and there was no significant difference in
terms of the PFS or OS time between the two arms [26]. The
Turkish study also showed a beneficial effect of MPT over
MP in terms of response and a lower early mortality rate
[60]. The discrepancy in efficacy outcomes reported for the
various MPT trials may be explained by differences in in-
clusion criteria, particularly regarding patient age and per-
formance status, greatly differing doses of thalidomide, and
differences in the duration of thalidomide treatment, with
some trials incorporating thalidomide both during induc-
tion and maintenance and other trials using thalidomide
only during induction [61]. A recent meta-analysis on the
survival of 1,682 individual patients treated with MPT or
MP in six randomized studies revealed that the addition of
thalidomide to MP led to a significantly longer PFS interval
(20.4 months versus 14.9 months; p � .001), and although
the OS time was longer (39.3 months versus 32.7 months),
the difference was not statistically significant (p � .085)
[62]. However, overall, the results support the use of the
MPT regimen for the treatment of elderly patients.

Other immunomodulatory drug (IMiD)-based options
for the treatment of elderly patients include CTDa and Rd,

as previously reviewed [1], whereas in patients aged �75,
the combination of thalidomide and dexamethasone ap-
pears to be inferior to MP regarding OS and toxicity [63].

Recently, prolonged follow-up results of the phase III
VISTA trial were fully published and confirm the signifi-
cant survival advantage of the VMP regimen over MP [23].
VMP treatment was associated with a 35% lower risk for
death than with MP (hazard ratio, 0.653; p � .001). With a
median follow-up of 36.7 months, the median OS time had
not been reached for the VMP arm and was 43 months with
MP. The 3-year OS rates were 68.5% and 54%, respec-
tively. The longer OS time with VMP compared with MP
was seen in a number of predefined patient subgroups and
was found to be independent of age, �2-microglobulin, al-
bumin, ISS stage, and creatinine clearance.

The safety profile was similar to that reported in the ini-
tial analysis [21]. Grade 3 PN occurred in 13% of patients
and grade 4 PN occurred in �1% of patients. After pro-
longed follow-up, 79% of PN events had improved or re-
solved within a median of 1.9 months, whereas 60%
completely resolved within a median of 5.7 months. The
rate of discontinuation of all treatment was 15% for VMP
and 14% for MP. In addition, 19% of VMP patients discon-
tinued bortezomib but remained on MP, resulting in a total
discontinuation rate of 34% for bortezomib treatment [23].

The longer follow-up allowed an assessment of the im-
pact of frontline VMP treatment on subsequent therapy in
those patients who relapsed. This showed that patients can
be successfully treated with thalidomide- or lenalidomide-
containing regimens as well as bortezomib-based regimens
following upfront treatment with VMP. Among patients
initially treated with VMP and MP, the median survival
times from the start of subsequent therapy were 30.2
months and 21.9 months, respectively, and there was no dif-
ference in the survival time after salvage treatment among
patients who received subsequent bortezomib, thalidomide,
or lenalidomide, indicating that first-line bortezomib use
does not induce a more resistant relapse.

Since our last publication, a study investigating lena-
lidomide in combination with MP was reported (MM-015
study) [14]. In that trial, three arms were tested: MPR (nine
cycles) plus lenalidomide maintenance until progression
versus MPR alone for nine cycles versus MP. Although
MPR � R was found to be significantly superior to MP in
terms of the CR rate, ORR, and PFS time, MPR by itself
was not found to result in a longer PFS interval than with
MP, demonstrating that lenalidomide maintenance treat-
ment prolongs PFS after 1 year of induction treatment, an
improvement that was also seen in a landmark analysis be-
ginning at the time of cycle 10 (approximately 40 weeks af-
ter the start of induction therapy). With a median follow-up
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of 32 months, the median PFS interval was 31 months for
MPR � R, it was 14 months for MPR, and it was 13 months
for MP (p � .0000001 for MPR � R versus MP, p � .153
for MPR versus MP). No difference in OS among the three
arms has been observed yet and longer follow-up is needed.
Regarding toxicity, grade 4 neutropenia was the most fre-
quent adverse event (AE) with MPR � R (36%, versus 8%
with MP). The rate of discontinuation resulting from AEs
was 20% for MPR � R, versus 8% for MP.

Lenalidomide is also being investigated in combination
with prednisone as induction treatment followed by MPR
consolidation and lenalidomide maintenance in an ongoing
phase II study in patients with newly diagnosed MM aged
�65 years. Notably, no exclusion criteria were applied in
the protocol to prevent the selection of a patient population
with a good performance status only [64]. Treatment with
four courses of lenalidomide plus prednisone followed by
MPR (median, seven cycles overall) resulted in a PR or bet-
ter in 72% of patients, including a VGPR or better in 22% of
patients. Overall, the treatment was manageable, with grade
3 or 4 hematological toxicities being the most frequent AEs.

Treatment Options for Very Elderly Patients
The following novel-agent regimens appear to be feasible
in the setting of very elderly patients: MPT, VMP, and Rd.
The IFM-01/01 trial investigated MPT versus MP in pa-
tients aged �75 years and found that MPT was significantly
superior to MP in terms of the ORR, VGPR rate, and CR
rate, as well as the PFS and OS times [22]. Notably, in that
trial, thalidomide was administered at a dose of 100 mg/
day.

A subanalysis of the VISTA trial according to age
showed that VMP was significantly superior to MP in terms
of the ORR, CR rate, TTP, and OS time in patients aged
�75 years and �75 years [23, 65]. Nevertheless, a compar-
ison of outcome in the VMP arm for the two age groups
showed that patients aged �75 years had a shorter survival
duration than those aged �75 years [23]. The safety pro-
files of VMP were generally similar in patients aged �75
years and those aged �75 years, as was the rate of discon-
tinuation [65].

The importance of dose reduction in very elderly pa-
tients as well as its utility in younger patients is increasingly
being recognized, and two phase III trials investigating
once weekly administration of bortezomib as part of the
VMP regimen in elderly patients with newly diagnosed
MM have now been fully published [16, 17, 66, 67]. In the
trial conducted by the PETHEMA/GEM group, patients
were randomized to receive six cycles of VMP or bort-
ezomib plus thalidomide plus prednisone (VTP) [17]. Dur-
ing cycle 1, bortezomib was administered twice weekly,

and in subsequent cycles bortezomib was administered only
once weekly at a dose of 1.3 mg/m2. Compared with the re-
sults obtained in the VISTA trial, weekly administration re-
sulted in substantially better tolerability. Notably, the
incidence of grade 3 or 4 PN was 7% with the reduced-dose
VMP regimen and treatment discontinuations were only
seen in 12% of patients (compared with 14% and 34% of
patients in the VISTA trial, respectively). Efficacy was
maintained, with an ORR of 80%, whereas 20% of patients
achieved CRs and the OS rate at 2 years was 92%. After a
median follow-up of 32 months, the median PFS interval
for all patients was 31 months and the median TTP was 35
months.

Similarly, a study conducted by the Italian Myeloma
group, which examined bortezomib administered weekly in
a trial designed to compare VMPT with VMP in elderly pa-
tients (n � 354), found that weekly administration of bort-
ezomib resulted in markedly better tolerability of the VMP
regimen [66]. It was initially planned to administer four cy-
cles of twice-weekly bortezomib; however, following a
protocol amendment, patients only received once-weekly
bortezomib as part of the VMP and VMPT regimens. A
comparison of efficacy and toxicity in patients receiving
twice-weekly or once-weekly bortezomib revealed that a
shift from twice-weekly to once-weekly bortezomib dosing
led to a lower CR rate, 30% versus 35%, but it also resulted
in a substantially lower incidence of PN (8%, versus 28%)
and rate of treatment discontinuation resulting from PN
(5%, versus 15%), whereas the OS rates at 3 years were
89% and 88% in the twice-weekly and once-weekly groups,
respectively. Of note, in patients aged �75 years, the
VMPT regimen followed by VT maintenance was not su-
perior to VMP.

These trials confirm the significant activity of VMP in
the nontransplant setting and, notably, they also indicate
that weekly bortezomib administration as part of the VMP
regimen is a highly effective option for the treatment of el-
derly patients that results in a better tolerability profile.

At the 2010 ASH meeting, results of a trial in the re-
lapsed/refractory setting investigating an s.c. formulation
of bortezomib were reported [68]. Although efficacy was
found to be similar to that of the i.v. formulation, s.c. ad-
ministration of the agent appeared to be associated with a
better safety profile. However, further follow-up and anal-
yses in different treatment settings are needed.

Regarding MPR, data from the MM-015 trial indicate
that this combination may be less suitable in patients aged
�75 years [14]. This was suggested by a higher rate of dis-
continuation than in the group of patients aged 65–75 years.
In addition, the PFS interval was not significantly longer
with the MPR combination than with MP. Finally, an anal-
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ysis of OS at 3 years in an Eastern Cooperative Oncology
Group trial that compared RD with Rd showed that, in pa-
tients aged �70 years, using a lower dose of dexametha-
sone resulted in better tolerability and a significantly higher
OS rate (3-year OS rate, 61% versus 73% for RD versus Rd;
p � .03) [69].

Taken together, regarding the treatment of elderly pa-
tients with MP-based regimens, the following recommen-
dations can be made. In general, treatment should be
selected based on biological age, comorbidities, and overall
clinical impression. The following dose schedules are rec-
ommended:
● Standard schedules for patients requiring quick relief

from symptoms and for those aged 65–75 years
● A less intense treatment approach for frail patients and

those with comorbidities (heart, lung, kidney, liver, dia-
betes) or aged �75 years
The optimal duration of therapy and, particularly, the

utility of maintenance therapy is also being investigated in
the nontransplant setting. In the MM-015 study, lenalido-
mide maintenance treatment provided a significant benefit
in terms of PFS over MPR treatment alone, which was sim-
ilar to that of MP [14]. In addition, the Spanish and Italian
myeloma groups investigated maintenance therapy follow-
ing VMP, VTP [17], or VMPT [16, 66, 67] induction in an
elderly population. In the majority of these studies, mainte-
nance treatment resulted in a benefit in terms of PFS; how-
ever, longer follow-up is needed to assess the effect on OS.
In addition, open questions remain, such as the duration of
treatment and the impact of maintenance treatment on sur-
vival at relapse.

TREATMENT OF RELAPSED/REFRACTORY MM
As in the frontline setting, the goals of treatment at relapse
have to be defined individually for each patient, weighing
efficacy versus toxicity considerations. Although best re-
sponse may be the goal in some patients, based on the ob-
servation that achieving a CR or VGPR is also associated
with longer survival in the relapse setting [19, 70], disease
stabilization is the goal for other patients, with the aim of
preventing further progression.

Treatment at relapse is significantly influenced by the
timing of the relapse, which is linked to the efficacy of the
previous treatment. If relapse occurs during treatment, it
may be indicative of resistant disease and a change in drug
class from that used initially; as well, the use of double or
triple combinations should be considered. Similarly, for an
early relapse (within 6 months), an alternative treatment
from the one used upfront should be contemplated, whereas
for late relapses (after �1 year), retreatment with compo-
nents of the initial therapy is an option.

Figure 2 shows a possible decision tree for the treatment
of MM at relapse, with a focus on incorporating novel
agents into treatment. Transplantation remains a feasible
option at relapse and should be considered in those patients
in whom ASCT was not performed upfront, and in those
with a long remission after the previous transplant. Alloge-
neic SCT should be performed only in the context of a clin-
ical trial [71].

The question of sequencing of novel agents as well as
retreatment is of substantial interest; however, at present
only limited data have been reported. Following a thalido-
mide-containing regimen, treatment with lenalidomide ap-
pears feasible; however, efficacy may be lower [72]. A
recent report of a prospective evaluation of the effect of
prior therapy on efficacy with the combinations of lenalido-
mide and dexamethasone or VRD in the relapsed/refractory
setting indicates that resistance to previous thalidomide is
associated with an inferior response to therapy as well as
shorter PFS and OS times [73]. Lenalidomide-based treat-
ment following upfront treatment with a lenalidomide-
containing regimen was found to be feasible in a recent
report [74].

Regarding bortezomib, results on subsequent treat-
ments from the VISTA trial suggest that retreatment with a
bortezomib-containing regimen is feasible following front-
line VMP, provided a favorable response was achieved up-
front, and that IMiD-containing regimens can also be used
following VMP [23]. Retreatment with a bortezomib-con-
taining regimen after a long treatment-free interval may in-
clude bortezomib in combination with agents that were not
used in the previous line. Regarding further relapses, in-
terim data from the international phase II Retreatment after
Initial Response to Velcade� (RETRIEVE) study indicate
that bortezomib use is feasible and does not lead to cumu-
lative toxicity in later lines of treatment after prior bort-
ezomib and/or IMiD use [75].

Patients who have received all novel agents, in particu-
lar those whose disease has relapsed or has become refrac-
tory to novel agents may present a particular challenge [76].
For patients who qualify for inclusion in a clinical trial of
novel experimental agents, such as histone deacetylase in-
hibitors (HDACs), new proteasome inhibitors (e.g., carfil-
zomib), or IMiDs (e.g., pomalidomide), bendamustine,
anti-CD40 monoclonal antibody, etc., this may be the pre-
ferred option. If, on the other hand, patients do not qualify
for inclusion in a trial, palliative treatment using alkylating
agents in combination with corticosteroids, high-dose
dexamethasone, or older regimens, such as continuous in-
fusion of dexamethasone, cyclophosphamide, etoposide,
and cisplatin (DCEP), could be chosen.

One of the open questions regarding treatment at relapse
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concerns the management of patients with adverse cytoge-
netics, which remains an important adverse prognostic fac-
tor in this setting [73].

CONSIDERATIONS REGARDING COMORBIDITIES

AND AES

Renal Impairment
Bortezomib-based regimens result in a fast onset of re-
sponse, which is important to improve the probability of re-
nal recovery. The benefit of bortezomib in the setting of
renal impairment was observed in a number of studies and
analyses [77–79]. A thalidomide-based regimen is feasible,
and several recent publications have investigated the use of
lenalidomide in the setting of renal impairment, suggesting
that this agent also presents an option for patients with renal
impairment, provided dose modifications are implemented
[80].

AEs

PN
PN as a result of disease or treatment presents a challenge;
however, as our experience with the use of novel agents has
increased, we have also been able to increase our understand-
ing of how best to manage PN. It is crucial that both patients
and medical personnel are aware that PN may occur so that
prompt intervention can be initiated. For agents that are asso-
ciated with PN, assessment before every dose is recom-
mended. If PN occurs, prompt intervention according to
guidelines is crucial to enable the improvement/reversal of
symptoms. In patients with pre-existing PN, the use of drugs
without neurotoxic potential such as lenalidomide is preferred
[81].

Thromboembolic Complications
In cases with a risk for thromboembolic or cardiovascular
events or in the presence of these complications, a bort-
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• VCD 
• PAD 

Lenalidomide-based, e.g., 
• Len/Dexa 
• CRD 

Thalidomide-based, e.g.,
• Thal/Dex 
• CTD 

Figure 2. Multiple myeloma treatment tree outside clinical trials: relapse.
aIndicates data available from phase III randomized trial.
bRetreatment with bortezomib after frontline bortezomib only if no PN is present, or if PN has recovered and there is no other

therapeutic alternative.
Abbreviations: ASCT, autologous stem cell transplantation; CRD, cyclophosphamide, lenalidomide, and dexamethasone;

CTD, cyclophosphamide, thalidomide, and dexamethasone; Dex, dexamethasone; IMiD, immunomodulatory drug; Len, lenalido-
mide; MPT, melphalan, prednisone, and thalidomide; PAD, bortezomib, doxorubicin, and dexamethasone; PegLD, pegylated li-
posomal doxorubicin; PN, peripheral neuropathy; Thal, thalidomide; VCD, bortezomib, cyclophosphamide, and dexamethasone;
VD, bortezomib and dexamethasone; VMP, bortezomib, melphalan, and prednisone; VMPT, bortezomib, melphalan, prednisone,
and thalidomide; VTD, bortezomib, thalidomide, and dexamethasone.
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ezomib-containing regimen can be recommended; how-
ever, a lenalidomide-based regimen may also be chosen
following existing guidelines regarding the use of prophy-
laxis [82].

DELAYING MYELOMA PROGRESSION IN

SMOLDERING MYELOMA

Presently, the standard of care for patients with smoldering
myeloma is observation, and treatment is delayed until the
occurrence of signs of progressive disease. An ongoing
phase III trial by the Spanish myeloma group is investigat-
ing if treatment with lenalidomide plus dexamethasone for
nine cycles followed by continuous lenalidomide mainte-
nance can delay progression to symptomatic myeloma in
patients with high-risk smoldering MM [83]. With a me-
dian follow-up of 16 months, the TTP was found to be sig-
nificantly longer in patients receiving treatment with
lenalidomide and dexamethasone than in patients in the
therapeutic abstention arm; however, the OS duration was
not different between the two arms. Overall, treatment-
related AEs were manageable, with no grade 4 hematolog-
ical or nonhematological AEs and a low incidence of grade
3 AEs. Longer follow-up is needed to establish whether an
OS benefit will become apparent.

OUTLOOK

The incorporation of novel agents in the different treatment
settings has substantially improved the outcome for pa-
tients. Long-term follow-up is required to further define the
role of novel agents in the various treatment stages based on
OS data. Despite substantial progress, many questions re-
main, such as the role of ASCT in the era of novel agents,
the optimal treatment sequence, and the tailoring of thera-
pies to individual cytogenetic risk factors. In this respect,
the definition of risk groups using techniques such as GEP
and single-nucleotide polymorphism analysis may enable

an individualized treatment approach. Furthermore, the role
of minimal residual disease detection in the assessment of
treatment response requires further investigation.

A number of newer antimyeloma agents are currently
undergoing examination in clinical trials, including second-
generation proteasome inhibitors and IMiDs, as well as new
classes of antimyeloma agents, such as heat-shock protein
90 inhibitors, HDAC inhibitors, and bendamustine. Results
from ongoing studies will show how these can be incorpo-
rated into the management of multiple myeloma.
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